Breast cancer is the most common form of cancer diagnosed in women worldwide and the second leading cause of cancer-related deaths in the USA. Despite the development of newer diagnostic methods, selective as well as targeted chemotherapies and their combinations, surgery, hormonal therapy, radiotherapy, breast cancer recurrence, metastasis and drug resistance are still the major problems for breast cancer. Emerging evidence suggest the existence of cancer stem cells (CSCs), a population of cells with the capacity to self-renew, differentiate and be capable of initiating and sustaining tumor growth. In addition, CSCs are believed to be responsible for cancer recurrence, anticancer drug resistance, and metastasis. Hence, compounds targeting breast CSCs may be better therapeutic agents for treating breast cancer and control recurrence and metastasis. Naturally occurring compounds, mainly phytochemicals have gained immense attention in recent times because of their wide safety profile, ability to target heterogeneous populations of cancer cells as well as CSCs, and their key signaling pathways. Therefore, in the present review article, we summarize our current understanding of breast CSCs and their signaling pathways, and the phytochemicals that affect these cells including curcumin, resveratrol, tea polyphenols (epigallocatechin-3-gallate, epigallocatechin), sulforaphane, genistein, indole-3-carbinol, 3, 3′-diindolylmethane, vitamin E, retinoic acid, quercetin, parthenolide, triptolide, 6-shogaol, pterostilbene, isoliquiritigenin, celastrol, and koenimbin. These phytochemicals may serve as novel therapeutic agents for breast cancer treatment and future leads for drug development.
Introduction
Breast cancer is one of the most common types of cancer affecting more than 1 million women worldwide resulting in high mortality. Although the rate of mortality has decreased in western countries, including the USA, which is part due to early detection, the American Chemical Society estimates that 249,260 new breast cancer cases will be identified in the United States in 2016 and estimates the number of deaths to be 40,890 [1] . The majority of the breast cancer patients have a subtype that expresses receptors for estrogen (ER) and progesterone (PR) and hence respond to hormonal therapy or aromatase inhibitors. However, there is another group of patients, called triple negative breast cancer (TNBC) wherein the cancer lacks the expression of ER and PR, and that of HER-2 (ErbB-2, c-erbB2 or Her2/ neu), a proto-oncogene that encodes for a 185-kDa plasma membrane-bound tyrosine kinase receptor. Breast cancer contains a heterogeneous population of cells and based on gene expression profile five subtypes of breast cancer (Luminal A, Luminal B, basal, ErbB2-overexpressing, and normal breast-like subtypes) have been described in the literature [2, 3] . Hence, breast cancer heterogeneity makes it more difficult to treat with chemotherapy. The current standard of therapy for breast cancer includes surgery, radiation, and chemotherapeutic drugs, including cisplatin, paclitaxel, carboplatin, bevacizumab, doxorubicin, cyclophosphamide, docetaxel, and epirubicin [4] . Recent studies have suggested that only a small subpopulation of cells in breast cancers, termed cancer stem cells (CSCs), retain the ability to self-renew and differentiate to repopulate the entire tumor. Recently, a series of breast CSC markers were identified, including CD44, CD24, CD133, EpCAM, CD166, CD47, ALDH1, and ABCG2 [5] . Moreover, aldehyde dehydrogenase (ALDH1) is expressed in CSCs and has been correlated with a poor prognosis of breast cancer [6] . CSCs are responsible for resistance to chemotherapy as well as radiotherapy and tumor recurrence even after surgery. Drug resistance is CSCs is due to increased expression of multidrug resistance (MDR) transporters including ATP-binding cassette (ABC) efflux transporters of P-glycoprotein (P-gp/ABCB1), multidrug resistance-associated protein 1 (MRP1/ABCC1) and breast cancer resistance protein (BCRP/ABCG2) [7] . As current chemotherapeutic agents may not completely eliminate CSCs due to the effects of these transporters and drug modifying proteins, there is a need for novel compounds that target these cells by affecting expression of drug resistance related genes or/and their signaling pathways.
Recent reports have shown that naturally occurring compounds, especially phytochemicals have the ability to target CSCs and inhibit their signaling pathways. Mother Nature is a rich source of phytochemicals and they have gained immense attention because of a wide range of safety profile, ability to target multiple pathways in cancer, CSCs and their signaling pathways [8, 9] . Our laboratory has established a number of phytochemicals and their analogs as novel anticancer agents for drug development, such as marmelin [10] , curcumin and its analogs EF24 and DiFiD [11] [12] [13] [14] , and honokiol [15] [16] [17] . We and other groups have summarized anticancer abilities of phytochemicals and their importance in drug development [8, 9, [18] [19] [20] [21] [22] [23] . Moreover, Siddiqui et al. [24] have recently reviewed the current status of phytochemicals against breast cancer, while in the present review article, we summarize a number of phytochemicals affecting CSCs. Several epidemiological studies have correlated the consumption of phytochemicals and reduced risk of cancer. Although phytochemicals such as curcumin showed promising effects in the laboratory experiments, its clinical use is limited because of low water solubility, high dose requirements, and low metabolic stability [25] . Hence, several phytochemical analogs and their formulations with improved anticancer activity were developed in the past to overcome these problems [12, [26] [27] [28] [29] [30] [31] [32] [33] . Numerous studies are currently undergoing in various laboratories as well as in clinics to evolve novel phytochemical-based treatment options for cancer. Hence, phytochemicals are the major lead molecules for future anticancer drug development targeting CSCs and their signaling pathways. In the present review article, we focus on breast CSCs, their signaling pathways and numerous novel phytochemicals that have been studied for targeting breast CSCs.
Breast CSCs
The discovery of stem cells in cancer cells has a great impact on cancer biology research and understanding of CSCs physiology yielded new targets for cancer drug discovery. CSCs are defined as a small number of cells present in a tumor that have the ability to self-renew, initiate and differentiate into different cell types constituting the whole tumor [34] . These CSCs might represent only a small fraction of the cells within a tumor, with the bulk of the tumor composed of more differentiated cells that are lacking self-renewal ability [35] . Breast CSCs have been derived from human breast tumors or breast cancer derived pleural effusions by flow cytometry technique for a certain pattern of cell surface marker expression (CD44+, CD24−/low, and ESA+) [36] [37] [38] . Previous studies are conducted to establish CD44+/CD24− as a minimum surface phenotype for the breast CSC [39] . Moreover, CD133 and in certain cases, particular members of the integrin receptors family (integrin-(31, −α6 or −β3), alone as well as in combination with the CD44+/CD24− phenotype have also been utilized to isolate the breast CSCs [40] . The top marker for CSCs in the breast cancer to date has been ALDH, which together with CD44+/CD24− is probably the best combination to enrich for CSCs marker [41] . Bi and group [42] have studied 179 breast cancer patients and 24% of them possessed ALDH1 expression. There were significant differences noted among the different subtypes of breast cancer. The positive expression rate of ALDH1 was 16.7% (17/102) 
Cancer stem cell signaling pathways

Wnt signaling
The Wnt/Frizzled/β-catenin pathway is not only linked to normal breast development but also in cancer development. The Wnt signaling proteins interact with the frizzled family of cell-surface receptors and activate the proteins of the dishevelled family that in turn results in inhibition of the proteolytic degradation of β-catenin. Nuclear translocation of β-catenin initiates genes transcription that is involved in determining cell polarity, cytoskeletal activity and cellular differentiation [43] . Inhibition of β-catenin signaling pathway in mammary alveolar progenitors blocks mammary development and inhibits pregnancy-induced proliferation [44] . Forced expression of the Wnt pathway components in transgenic mice led to an expansion of progenitor cells in preneoplastic mammary glands and enhanced breast tumor formation [45] [46] [47] . Hence, the inhibition of Wnt signaling pathway is proposed as a potential therapeutic strategy to target CSCs.
Notch signaling
Notch signaling plays a crucial role in the differentiation and maintenance of stem cells. Aberrant activation of the Notch signaling has been linked to the development of many cancers, including breast cancer [48, 49] . Notch signaling pathway is composed of mammalian transmembrane receptors (Notch 1-4) and their membrane-bound ligands (JAG1, JAG2, δ-like ligand 1, 3 and 4). Notch receptors undergo cleavage upon binding with their ligands and release intracellular domain of notch that translocates to the nucleus and activate target genes, including Hes1 and Hey1 [50] , cyclin D1 [51] , p21 CIP1 [52] , nuclear factor kappa-B (NF-κB) [53] , and c-myc [54] . γ-secretase is a complex of multiple subprotein intramembrane-cleaving proteases with an increasing list of protein substrates, such as Notch receptors. The four major components of γ-secretase complex are presenilin, nicastrin, Pen2, and Aph1 and are proposed to be essential for activity [55] . The residues in the catalytic domain of presenilin and nicastrin have been implied to be crucial for substrate recognition. Expression of constitutively active notch receptor in normal mammary epithelial cells led to activation of notch signaling pathway and dose-dependent hyperproliferative responses and breast tumor formation [56, 57] . Harrison and group [58] have reported Notch-4 as a probable target for reducing breast cancer recurrence. Pre-treatment with a γ-secretase inhibitor DAPT or a Notch 4-neutralizing antibody to ductal carcinoma in situ (DCIS) leads to the generation of fewer mammospheres in vitro as compared to control, suggesting the involvement of this pathway in the regulation of mammary epithelial cell differentiation and self-renewal [59] . Resistance to radiation in breast CSCs has also been correlated with a notch-signaling pathway [60] . Numerous compounds were developed to target notch-signaling pathway, while some γ-secretase inhibitors are currently under investigation in Phases I-II clinical trials for the treatment of breast cancer. Apart from synthetic compounds, some naturally occurring phytochemicals like curcumin have been reported to inhibit notch-signaling pathway in several cancers [13, 61] .
Hippo signaling
Hippo signaling pathway is important in regulating tissue homeostasis, organ size, and tumorigenesis. Sav and Mob are two proteins that modulate the activity of two sets of core kinases Mst1/2 and Lats1/2. Upon activation of this pathway, Yes-associated protein 1 (YAP1) phosphorylation or Lats1/2-induced TAZ transcription co-activation results in cytoplasmic sequestration and degradation, while during inactivated state unphosphorylated YAP/TAZ to enter the nucleus and along with one of four TEAD family members to activate transcription. The porphyrin molecule verteporfin disrupts the formation of the YAP1-TEAD complex by binding to YAP1 and changing its conformation [62] . Dysregulation of Hippo pathway has been shown in many types of cancer; for example, YAP1/TAZ and TEAD are overexpressed in cancers by different mechanisms such as gene amplification and silencing of upstream factors of the pathway. Additionally, YAP1 is overexpressed at high frequency in numerous cancers and can directly drive cancer growth in mouse models [63, 64] . Moreover, enhanced nuclear activity of YAP and TAZ could induce cell transformation and carcinogenesis [65] . Chan and group [66] have reported that TAZ abundance is enhanced in invasive breast cancer cell lines and in 20% of breast cancer tissues, and high amounts of TAZ is correlated with breast tumors of higher histological grade, increased invasiveness as well as numbers of CSCs [67] . Gene expression profiling of cancer cells has demonstrated that the high CSCs content in tissues of breast cancer overlaps with YAP/TAZ-induced gene expression, implying the significance of YAP/TAZ in CSCs [67] . Such oncogenic activity is linked to the acquisition of mesenchymal characteristics, like epithelial to mesenchymal transition (EMT) in epithelial tissues. The combined capacity of self-renewal and invasion are proposed as the driving force to develop aggressive cancers [68, 69] . Furthermore, knockdown of TAZ alone was reported to inhibit the self-renewal ability of CSCs in breast cancer [67] , while overexpression of TAZ promoted mammosphere formation and CSC marker expression in non-CSC cancer cell populations [67] . TAZ is also the leading factor to sustain CSC-like properties, and the expression of a nuclear-localized TAZ-S89A mutant is sufficient to confer the self-renewal process of breast cancer populations [67, 70] . Therefore, Hippo signaling protein YAP/TAZ is an important target to develop novel compounds for prevention and treatment cancer.
Hedgehog signaling
The hedgehog-signaling pathway plays a crucial role in regulating proliferation, fate of a cell, maintenance of the stem cell as well as progenitor cell and self-renewal capacity [71, 72] . The pathway is critical for the early development of mammary glands, and sonic-(Shh) and Indian-hedgehog (Ihh) are expressed and needed in mammary epithelium [73] . Canonical and non-canonical pathways transduce hedgehog-signaling pathway. Canonical signaling depends on the interaction of hedgehog ligand with the patched (Ptch) receptor of a neighboring cell leading to the release of Ptch-induced inhibition of smoothened complex (Smo) initiating signal transduction in cells. This process results in the release of activated Gli that translocates to the nucleus and acting as a transcriptional regulator. Previous studies have shown that both Gli-1 and Ptch-1 offer a regulatory negative feedback system of the cascade [74] . Aberrantly activated hedgehog signaling is also seen in the malignant phenotype of several types of human cancers. Zhang and group [71] reported that dysregulation of hedgehog signaling may contribute to breast cancer development in animal models. Moreover, Ptch-1 expression has been observed to be reduced or lost of in almost half of the breast cancers, while enhanced Smo expression was reported in DCIS cases as well as invasive breast cancer [71, 75] . Breast cancer tissues also express high levels of Shh, Ptch-1, Gli-1, and Smo mRNA. Recently, higher levels of Smo and Gli-1 expression have been correlated with activation of breast CSCs in triple negative breast cancer patients. Upregulation of Shh in tumors is thought to be involved in the tumor microenvironment [76] that results in activated stroma formation responding to tumor-generated Hh ligands [77] . Wnt and Hh signaling pathway work together to regulate cell behavior across epithelial-mesenchymal boundaries and are important mediators of EMT in the developing embryo and in tumor progression. Gli-1 has been shown to inhibit the expression of E-cadherin in SUM145 cells [78] . Forced expression of the downstream Hedgehog effectors Gli-1 or Bmi1 induces breast cancers and drive tumor growth in experimental models [79, 80] .
3.5.
Other stem cell related signaling pathways 3.5.1. JAK-STAT pathway-The Janus kinase (JAK) and signal transducer and activator of transcription (STAT) pathway exhibited a critical role in various cytokines and growth factors signaling that affect various cellular functions, such as proliferation, growth, and immune response. Dysregulation of JAK-STAT pathways is reported in various cancers, and the pathway is implied in self-renewal and maintenance of germ-line stem cell population [81, 82] . A recent study demonstrated that hypomethylation of several gene components of the JAK-STAT pathway was correlated with increased expression of these genes in mammospheres relative to parental cells, including JAK2 and STAT5. Moreover, CSCs characterized as CD44+/CD24 low show constitutive activation of JAK-STAT pathway. These results suggest that JAK-STAT activation may represent a characteristic of putative breast CSCs [83] .
PI3K
/Akt/mTOR signaling-The phosphatidylinositol-3-kinase (PI3K)/Akt and the mammalian target of rapamycin (mTOR) signaling pathways play an important role in numerous physiological and pathological conditions, including cell proliferation, angiogenesis, metabolism, differentiation and survival of cells [84] . This signaling pathway can be considered as a master regulator for cancer. It plays a central role in growth, proliferation, motility, survival and angiogenesis in cancer cells [85, 86] . It was reported that the mTOR pathway activation in breast CSCs is required for colony-formation capacity in vitro and tumorigenicity in vivo [87] .
Phytochemicals as novel compounds targeting Breast CSCs
Phytochemicals have been studied extensively for the treatment of various diseases and disorders [88] [89] [90] . Phytochemicals exhibited a wide range of safety and target multiple pathways and targets in breast cancer cells [91] . Current evidence suggests that naturally occurring phytochemicals have the ability to target breast CSCs [92, 93] . Hence, phytochemicals are proposed to be useful in the treatment and complete elimination of cancer. The chemical structures of phytochemicals and their targets are presented in Fig. 1-2 and Table 1 respectively.
Curcumin
Curcumin is an active constituent of dried rhizomes of Turmeric (Curcuma longa) belonging to the ginger family. The plant is popular and mainly grown in Southeast Asia. Turmeric and curcumin have been widely utilized in the traditional system of medicines, including Ayurveda, Unani and Chinese Systems of Medicine. Apart from its medicinal use, it is used as coloring agent in Asia. Curcumin is one of the most extensively studied phytochemicals for various biological activities such as antioxidant [94] , anti-inflammatory [88] , anticancer [89] , and antidiabetic [90] properties. Curcumin is also shown anticancer activities against a Dandawate et al. wide range of cancers, including pancreatic [95] , colon [96] , breast [97] , prostate [98] , and bladder [99] cancers. Curcumin is known to target multiple signaling pathways and multiple genes that are involved in cancer growth, survival, and metastasis. Nagaraju and colleagues [100] have recently summarized the molecular pathways targeted by curcumin. Curcumin is known to target cyclin D1, c-myc (proliferation pathway),JNK, Akt, and AMPK (protein kinase pathway), Bcl-2, Bcl-xL, cFLIP, XIAP, and c-IAP1 (cell survival pathway), p53 and p21 (tumor suppressor pathway), caspase-8, −3, and −9 (caspase activation pathway), and DR-4, and −5 (death receptor pathway). Curcumin also found to inhibit epidermal growth factor receptors such as EGFR/erbB1 and erbB2/HER2, peroxisome proliferator-activated receptor-γ (PPAR-γ), insulin-like growth factor type-1 receptor (IGF-1R), sonic hedgehog (SHH)/GLIs, Wnt/β-catenin and PI3K/Akt, c-jun/activator protein-1 (AP-1), EGR-1, signal transducers and activators of transcription, nuclear factor-κB, interleukin-6 (IL-6), cyclooxygenase-2 (COX-2) and matrix metalloproteinases (MMPs). The compound also reduces the expression of lipoxygenase (LOX), nitrous oxide systems (NOS), urinary plasminogen activator (μPA), and tumor necrosis factor (TNF). Various studies have shown that curcumin has the ability to target multiple pathways and cancer types. Apart from these beneficial properties curcumin is yet to become the anticancer drug because of its high lipophilicity, low water solubility and metabolic instability [25] . Several drug delivery systems, as well as combination therapies, are designed to over some these problems which achieved limited success [101] . Numerous chemical derivatives of curcumin have been synthesized to overcome the problems of water solubility, metabolic instability and to enhance the potency of curcumin. Difluorinated curcumin (CDF) [102] , FLLL31 and FLLL32 [103] , GO-Y030 [104] EF24 [12] , and DiFiD [105] are some promising curcumin analogs studied for anticancer activity.
Curcumin showed promising results in preclinical models, while its clinical efficacy is still under investigation. The compound has shown promising potential for treatment of breast cancer by inhibiting proliferation, migration, invasion, angiogenesis, and metastasis in breast cancer cells [106] . The compound is also reported to induce apoptosis, cause cell cycle arrest, and downregulate various signaling pathways in breast cancer cells [106, 107] . Recent studies suggest that curcumin has the ability to inhibit or eliminate CSCs in the breast cancer [108] . Curcumin treatment reduced the formation of spheroids and downregulates major signaling pathways, including Notch, Wnt-β-catenin, and Hedgehog pathways [8] . Kakarala and group [109] have examined the effects of curcumin and piperine in breast cancer cells. These compounds by themselves inhibited mammosphere formation and ALDH+ cells in normal and malignant breast cells even at doses as low as 5 μM. Moreover, the two compounds inhibited Wnt signaling in combination as well as alone, in addition to suppressing CSCs self-renewal capacity in the breast cancer cells. In another study, Mukherjee and group [108] have shown that breast CSCs exhibited aggravated migration ability because of downregulation of E-cadherin expression. The higher nuclear translocation of β-catenin in breast CSCs resulted in a reduction of E-cadherin/β-catenin complex formation as well as membrane retention of β-catenin, upregulation of Slug and thus downregulation of E-cadherin transcription promoting EMT and migration of breast CSCs. However, curcumin treatment inhibited nuclear translocation of β-catenin and thereby slug transactivation and restored E-cadherin expression. These events resulted in the enhanced complex formation of E-cadherin and β-catenin and cytosolic β-catenin retention leading to suppression of EMT and migration ability of breast CSCs. Charpentier and colleagues [110] showed that CSCs with a huge number of microtentacles (McTN) would attach more efficiently to distant tissues and thereby promote metastatic efficiency. The livecell confocal microscopy suggested that McTNs persists as flexible and motile protrusions on the mammosphere surface and functions as extensions in between neighboring cells. Curcumin treatment of breast CSCs led to the extinguishment of McTN and thus prevented reattachment from suspension, suggesting the anti-metastatic potential of the compound. The radiosensitizing effects of curcumin were studied in normoxic and hypoxic conditions. It was found that HIF-1α accumulated in normoxia after the application of higher doses of curcumin, while the treatment reduced hypoxia-inducible factor (HIF)-1α and HIF-2α levels under hypoxic conditions. Curcumin also reduced the levels of HIF-1β and HIF transcriptional activity in normoxia and hypoxia. Curcumin treatment resulted in reduced clonogenic cell survival of Hep3 B and MCF-7 cells [111] .
The drug resistance properties of CSCs or side population cells are typically due to the increased expression of ABC transporters leading to drug efflux. These transporters play a major role in drug absorption and disposition as well as involved in multidrug resistance. Li et al. [112] have summarized the reported interactions between phytochemicals with ABC transporters. Such interactions may affect the pharmacokinetics of drugs and phytochemicals possibly help in reversing multidrug resistance in cancer by modulating ABC transporters. Chung and Vadgama [113] studied the effects of the combination of curcumin (10 μM) and epigallocatechin gallate (EGCG, 10 μM) against CSCs in breast cancer MDA-MB-231 and MCF-7 cells transfected with HER2. The combination treatment decreased the number of CD44+ cells and reduced phosphorylation of STAT-3, while the interaction of STAT-3 with NF-κB was retained [113] . Curcumin treatment also sensitized breast cancer cell lines MCF-7 and MDA-MB-231 to paclitaxel, cisplatin, and doxorubicin. Moreover, curcumin treatment enhanced the sensitivity of mitomycin C to MCF-7 and MDA-MB-231 cells by 5-and 15-fold, respectively. In the presence of curcumin and mitomycin C, breast CSCs were not able to grow in the fifth generation. The combination treatment also reduced the breast CSCs population in CD44 + CD24/low cells by more than 75%. Reduced expression two ABC transporters ABCG2 and ABCC1 was found to be responsible for curcumin-induced sensitization [114] . Curcumin nano-medicine (C-SSM) surface conjugated with vasoactive intestinal peptide (VIP) was used to target breast CSCs. The results suggested that C-SSM nano-medicine exhibited lower IC50 value than unformulated curcumin. The treatment with this novel curcumin nano-formulation (5 μM) decreased mammosphere formation up to 20%, suggesting the potential application of nano-formulation for targeting CSCs in breast cancer [115] . Nanogel-curcumin conjugate based on membranotropic cholesteryl-hyaluronic acid (CHA) has also exhibited significantly superior cytotoxic activity in CD44-expressing floxuridine-resistant MDA-MB-231 human breast cancer cells. CHA-drug nanogels were also able to penetrate in MCF-7 spheroids and demonstrated higher cytotoxicity as compared to free curcumin [116] .
Resveratrol
Resveratrol (trans-3,5,4′-trihydroxystilbene) is a naturally occurring polyphenolic compound known for antioxidant, antiinflammatory, cardioprotective, neuroprotective and anticancer activities [107] . Recently, Bishayee [117] has summarized the anticancer activities of resveratrol. Resveratrol is found in many plants that are consumed by human beings such as grapes, berries, and peanuts [118] . The highest amount of resveratrol is reported in Polygonum cuspidatum that has been used in traditional system of medicines for treating inflammation [119] . Apart from plants, resveratrol is also present in processed products, such as wine. It was reported that moderate wine consumption of red wine has been associated with reduced cardiac disease [120] , which was proposed to be because of its resveratrol content [121] . Resveratrol is extensively studied for prevention and treatment of various diseases including cancer [107, 117] . Recently, the potential role of resveratrol in breast cancer prevention and management has been reviewed by Sinha and colleagues [107] . The compound showed anticancer activity against multiple cancer types and inhibited cancer initiation, proliferation, metastasis as well as induced cancer cell death, cell cycle arrest, and inhibited various signaling pathways [122] . Resveratrol suppressed 7, 12-dimethylbenz-[a]-anthracene (DMBA)-induced breast carcinogenesis in rats by inhibiting proliferation and inducing apoptosis. The treatment also reduced the expression of NF-κB, COX-2, and MMP-9 [123] . Resveratrol was also shown to inhibit N-methyl-N-nitrosourea-induced carcinogenesis in rats [124] . Resveratrol treatment-induced apoptosis, inhibited angiogenesis and reduced growth of MDA-MB-231 tumor xenografts [125] . The treatment with resveratrol in HER-2/neu transgenic mice resulted in the delayed development of spontaneous tumors as well as reduced size and a mean number of tumors. These effects were mediated by downregulation of HER-2/neu gene expression and enhanced apoptosis [126] . Moreover, resveratrol has been recently shown to target breast CSCs [127] .
Resveratrol treatment decreased proliferation, reduced the size and number of mammospheres as well as stem cells in MCF-7 and SUM159 cells. Treatment with resveratrol (100mg/kg/d) to NOD/SCID (non-obese diabetic/severe combined immunodeficient) mice resulted in decreased tumor xenograft growth and the number of stem cells in the tumor. Moreover, resveratrol can induce autophagy in breast CSCs based on expression of autophagic markers such as LC3-II, Beclin-1, and Atg-7 in these stem cells. Resveratrol treatment suppressed Wnt/β-catenin signaling pathway in breast CSCs, while β-catenin overexpression inhibited resveratrol-induced cytotoxicity and autophagy in breast CSCs suggesting that Wnt/β-catenin is a probable target of resveratrol [93] . Pandey and group [128] have studied the effect of resveratrol on lipid synthesis in CD24-/CD44+/ESA+ CSCs isolated from both ER+ and ER-breast cancer cell lines. Resveratrol treatment resulted in decreased cell viability as well as mammosphere formation. The treatment also induced apoptosis in breast CSCs. The treatment also inhibited the lipid synthesis via downregulation of fatty acid synthase and upregulation of DAPK2 and BNIP3. Moreover, resveratrol treatment decreased CSCs growth in a xenograft model. Resveratrol has the capacity to block the lipogenic gene expression in CSCs and reduce their ability to develop DCIS in animals [129] . MicroRNAs (miRNAs) are involved in stem cell maintenance, differentiation, and development, while the dysregulation of miRNAs is linked to cancer. Moreover, miRNA and their target genes (e.g. Bmi1) and pathways (Notch, Hedgehog, Hippo, and Wnt) are important in the maintenance of stem cells. Shimono et al. [130] recently summarized the current involvement of miRNAs and their clusters (miR-200 clusters, miR-183 cluster, miR-221-222 cluster, let-7, miR-142 and miR-214) in human breast CSCs. Resveratrol was shown to promote the expression and activity of Argonaute2 (Ago2) and thereby decreased breast CSCs-like characteristics by enhancing the expression of a number of tumor-suppressive microRNAs, such as miR-16, -141, -143, and -200c [131] . Treatment with resveratrol analog, 3, 5, 4′-trimethoxystilbene (MR-3) was found to reverse EMT by increasing E-cadherin expression and causing cobblestone-like morphology of MCF-7 cells along with a decrease in mesenchymal marker expression, including snail, slug, and vimentin. MR3 has also downregulated invasion and migration of MCF-7 cells. The treatment decreased expression and nuclear translocation of β-catenin with downregulation of its target genes while increasing membrane-bound β-catenin. MR-3 inhibited Akt phosphorylation and restored glycogen synthase kinase-3β (GSK-3β) activity. Hence, MR-3 exerted anti-invasive activity by downregulating of PI3 K/Akt signaling and nuclear translocation of β-catenin in MCF-7 breast cancer cells [132] .
Green tea polyphenols
Tea is one of the most popular drinks consumed all over the world. Different varieties of tea such as green tea, black tea, and oolong tea are obtained from the Camellia sinensis plant [133] . Among these varieties, green tea is widely consumed in most parts of the world and contains a significant amount of polyphenols. Hence, green tea and its polyphenolic compounds are extensively studied for health promoting effects [133] . The major polyphenolic contents of green tea are epicatechin, epicatechin-3-gallate, epigallocatechin and epigallocatechin-3-gallate (EGCG) [134] . Green tea and its constituents have gained importance because of their potential for prevention and treatment of cancer [133, 135, 136] . Green tea catechins, importantly EGCG was found to inhibit proliferation, migration, and angiogenesis, as well as induce apoptosis and cell cycle arrest, and tumor growth in breast cancer [137] . EGCG treatment was shown to inhibit the breast cancer progression in mice. The anti-breast cancer effects of EGCG has been mediated by inhibition of HIF-1α, decreased activation of NF-κB and downregulation of vascular endothelial growth factor (VEGF) [138] . EGCG treatment also resulted in a reduction of tumor volume in stem-like SUM-149 breast cancer cell xenograft [139] . Li and group [137] recently summarized the major protein targets of EGCG including PI3K, 67-kDa laminin receptor, Bcl-xL and Bcl-2, vimentin, Fyn, GRP78, and insulin-like growth factor 1 receptor (IGF-1R). EGCG also blocks multiple signaling pathways such as EGFR, Wnt, hepatocyte growth factor signaling pathway, Met (HGF Receptor) phosphorylation and extracellular signal-regulated kinases −1 and −2(ERK-1/2), as well as Akt/protein kinase B (PKB). Recent studies have shown that green tea polyphenols possess the ability to target CSCs and their signaling pathways [140] .
EGCG treatment reduced growth and invasive as well as the survival of SUM-149 and SUM-190, inflammatory breast cancer cell lines. EGCG also inhibited mammospheres formation in SUM-149 cells. EGCG treatment inhibited growth and caused apoptosis induction in SUM-149 cells with high ALDH activity. The treatment with EGCG decreased VEGF-D that is a lymphangiogenesis-promoting gene. EGCG treatment also decreased the growth of tumors derived from ALDH-positive SUM-149 cells [139] . EGCG treatment was shown to suppress 2-amino-1-methyl-6-phenylimidazo-[4,5-b]-pyridine (PhIP)-induced progressive carcinogenesis in human breast epithelial MCF10A cells that includes acquired cancer-associated properties of decreased dependence on growth factors, anchorageindependent growth, proliferation, migration, invasion, metastasis and enhanced stem-like cell populations. EGCG also suppressed PhIP-induced molecular changes like upregulation of H-Ras gene expression, activation of ERK pathway, Nox-1 expression, increased reactive oxygen species, enhanced HIF-1α, Sp1, matrix MMP-2, MMP-9, tumor necrosis factor-α, aldehyde dehydrogenase activity and reduced expression of E-cadherin. The study showed that EGCG is capable of inhibiting PhIP-induced cellular carcinogenesis and tumorigenicity in breast epithelial MCF-10A cells [141] . Chen and coworkers [142] have shown that activation of AMPK by novel EGCG analogs (compounds 4 and 6) resulted in inhibition of cell proliferation, decreased mammospheres formation, downregulation of mTOR pathway and suppression of CD44+/CD24-stem cell population in MDA-MB-231 human breast cancer cells.
Sulforaphane
Consumption of cruciferous vegetables such as broccoli correlates with decreased risk of cancer induction and this protective effect has been shown to be in part due to the presence of an isothiocyanate (ITC) glucoraphanin [143, 144] . The four important ITCs formed from glucosinolates by the activity of myrosinase are benzyl-ITC, allyl-ITC, phenylethyl-ITC (PEITC) and methylsulphinylbutyl-ITC (sulforaphane). PEITC [145] and sulforaphane [146] are well-studied ITCs for their biological activities such as anticancer activity. PEITC was shown to significantly suppress DMBA-induced breast cancer in rats [147] . Sulforaphane was found to inhibit proliferation, angiogenesis, and metastasis as well as induce cell cycle arrest and apoptosis in breast cancer cells. Sulforaphane in combination with HDAC inhibitor reactivated expression of ER-α in MDA-MB-231 cells, whereas, in combination with tamoxifen, it also reduced proliferation in MDA-MB-231 cells, probably by histone modifications and DNA demethylation-facilitated activation of ER-α in MDA-MB-231 cells [148] . Sulforaphane treatment caused cell cycle arrest at S-and G2/M-phase with enhanced levels of p21WAF1 and p27KIP1 and also decreased cyclin A, cyclin B1 and CDC2 expression in breast cancer MDA-MB-231 cells [149] . The compound also inhibits 12-Otetradecanoylphorbol-13-acetate (TPA)-induced activation of NF-κB and COX-2 in MCF-10A cells by blocking two distinct signaling pathways mediated by ERK1/2-IKK-α and NAK-IKK-β [150] . Sulforaphane has also inhibited TPA-induced invasion and MMP-9 expression in MCF-7 cells via suppression of NF-κB pathway [151] .
Studies have also suggested that sulforaphane has the ability to eliminate CSCs. Li and group [152] demonstrated that sulforaphane treatment reduced the size and number of mammospheres and ALDH+ cell population in human breast cancer cell lines. Daily treatment of sulforaphane (50 mg/kg, 2 weeks) also decreased ALDH+ human breast cancer xenograft tumors grown in non-obese diabetic/severe combined immune-deficient mice. Moreover, there was a reduction in the activation of Wnt/β-catenin pathway. Sulforaphane treatment also reduced the number of SOX9 and ALDH1 positive cells in a model of ER-α-negative/basal-like DCIS [153] . In addition, there was a reduction in the growth of xenograft tumors. Li and group [154] also identified the presence of CD49f+/CD24-stem-like cells expressing ALDH1 activity in basal-like DCIS with increased migration potential. However, sulforaphane treatment reduced ALDH1 expression and decreased mammospheres and colony formation. Moreover, there were differential levels of numerous microRNAs including miR-140, miR-29a, and miR-21 in the exosomes derived from DCIS stem-like cells following sulforaphane treatment. In addition, treatment with the compound also resulted in downregulation of peripheral benzodiazepine receptor and vimentin expression along with MMPs levels, including mRNA of MMP-7 and MMP-14. There was also reduced expression of Twist1 and POU5F1 and decreased self-renewal of embryonic stem cells. Finally, sulforaphane decreased the production of IL-1β, IL-6, TNF-α, interferon-γ, IL-4, platelet-derived growth factor and VEGF in MDA-MB-231 cells [155] .
Indole-3-carbinol and 3,3′-Diindolyl methane
Indole-3-carbinol (I3C) and its dimeric product 3, 3′-diindolylmethane (DIM) is also present in cruciferous plants such as broccoli. I3C is converted to DIM in the acidic conditions of the stomach [156] . Epidemiological studies have reported that intake of cruciferous vegetables containing these indoles could reduce cancer risk. Tin and group [157] have studied the effects of I3C on the breast cancer cell line MCF-10AR-Her2, which exhibit high number cells with stem cell-like characteristics, including nucleostemin and ALDH. I3C treatment reduced proliferation, induced apoptosis and inhibited mammosphere formation in these cells. Mechanistically, the compound also promoted nucleostemin-MDM2 (Murine Double Mutant 2) interaction and disrupted p53-MDM2 interaction leading to apoptosis. DIM treatment in combination with herceptin also decreased cell viability, induced apoptosis, and reduced clonogenicity in SKBR3 and MDA-MB-468 breast cancer cells. The treatment has also upregulated expression of miR-200 and decreased FoxM1 expression [158] . DIM caused upregulation of miR-21 expression and induced cell cycle arrest by downregulating CDK1, CDK2, CDK4, and CDK6, as well as cyclin B1 and Cdc25A in MCF-7 and MDA-MB-468 cells [159] .
Genistein
Genistein (4′,5,7-trihydroxyisoflavone) is an important phytochemical that is found largely in soybeans and, soya containing products such as soy protein [160] . Structural similarities to estrogen make it an attractive phytoestrogen and have been studied extensively for prevention and treatment of cancer. At low doses, genistein acts as an ER agonist promoting cell growth, while at high doses it antagonizes ER and induces cell death. Studies have shown that soy-containing foods are protective against cancer, especially prostate cancer [161] . Moreover, soy milk is a commercially available food product that is reported to have the ability to reduce prostate cancer risk [162] . Recently, genistein was reported to target CSCs. Genistein also reduced mammospheres and reduced breast CSCs through downregulation of the Hedgehog-Gli1 signaling pathway [163] . Genistein also reduced mammary adipogenicity and enhanced expression of PTEN and E-cadherin in mice [164] . In addition, the compound has been shown to alter CSCs in the sera of adult mice by decreasing their ability to self-renew and form mammospheres, as well as target basal stem-like CD44+/ CD24-/ESA+ and the luminal progenitor CD24+ subpopulations in MCF-7 and MDA-MB-231 cells [165] .
Vitamin E
Vitamin E is a group of compounds that consist of tocopherols and tocotrienols, of which γ-tocopherol is the most common form present in the diet [166] . γ-Tocopherol occurs in corn and soybean oil. α-Tocopherol is biologically active form of vitamin E and present in germ oil, sunflower, and safflower oils [166] . Vitamin E is widely studied for the prevention of cancer, and a diet rich in vitamin E has been reported to reduce the risk of breast cancer development in women. Vitamin E is also believed to be able to target CSCs and hence, has the potential use as a treatment for breast cancers with significant levels of CSCs. Gopalan and group [167] have shown that the combination of simvastatin (SVA) and γ-Tocotrienol (γT3) eliminated enriched CSCs and reduced expression of Stat-3 signaling mediators by inhibiting the mevalonate pathway and activating de novo ceramide synthesis pathway, in resistant breast cancer cells. Yan and coworkers [168] have studied the efficacy of mitochondrially targeted vitamin E succinate (MitoVES) against tumor-initiating cells (TICs) in MCF-7 breast cancer cells. MitoVES reduced the mammospheres by suppressing the mitochondrial complex II. It also induced apoptosis and thereby inhibited the progress of syngeneic HER2-positive tumors derived from breast TICs. MitoVES was also found to reduce the levels of indoleamine-2, 3-dioxygenase-1 in TICs [169] .
Retinoicacid
All-trans-retinoic-acid (ATRA) is an active metabolite of vitamin A [170] . In the body, vitamin A is oxidized to retinaldehyde and then to retinoic acid [171] . Vitamin A is significantly high in cod liver oils, and is also present in sweet potato, carrot, and broccoli. It is clinically used as cyto-differentiating agent [172] and for the treatment of acute promyelocytic leukemia [173] . Current literature suggests the use of ATRA in the treatment of breast cancer. ATRA has reported to exert antiproliferative activity and induce apoptosis in cancer that was largely mediated through activation of one of three retinoic acid receptors, RAR-α, −β and −γ [174] . ATRA became an attractive agent for breast cancer treatment because estrogen in estrogen receptor-positive tumors was found to increase RAR-α, gene expression [175, 176] . Her2/neu-positive breast cancers have been shown to exhibit a high ratio of RAR-α/RAR-γ [177] . It was also shown that estrogen receptor-positive tumors are sensitive to the treatment with ATRA. Hence, ATRA is an interesting lead compound for developing future drugs for breast cancers. More importantly, ATRA is reported to target CSCs, which makes it an especially interesting lead compound for treating a heterogeneous population of cells in breast cancers. ATRA treatment decreased the mammosphere-forming capacity of breast cancer cells and induced apoptosis as well as decreased SOX2 expression [178] . Papi and group [179] have shown that ATRA treatment reduced the survival of mammospheres in MCF-7 cells. ATRA treatment also affected the expression of the hyperactive NF-κB-IL-6 axis in mammospheres as well as downregulated SLUG, Notch-3, Jagged-1 and upregulated ER-α and keratin18. ATRA pre-treatment to ALDH+/CD44+ cells resulted in sensitization of cells to chemotherapy and radiotherapy. ATRA increased CK8/18/19 expression in ALDH+/CD44+ MDA-MB-468 cells [180] . Another interesting point is that ATRA was found to modulate a number of genes related to EMT, resulting in distinct gene expression signatures for the luminal epithelial and myoepithelial subpopulations. It was shown that MEP sub-population responded to ATRA by decreasing its invasive capacity and enhancing its adhesion to extracellular matrix (ECM) constituents.
ATRA also induced apoptosis in luminal epithelial cells and senescence in myoepithelial cells. The study also identified a third subpopulation of cells showing partial resistance to ATRA and having a stem cell-like features within the LM38-LP cell line [181] . Wang et al. [182] have shown that ATRA restored the expression of miR20a-MICA/MICB axis and sensitized breast CSCs to natural killer cells, thereby controlling metastasis. Li and group [183] developed liposome particles containing ATRA and vinorelbine, and studied its efficacy in MCF-7 and MDA-MB-231 cells as well as in vivo mice model possessing breast CSCs with CD44+/CD24-phenotype. The liposomes exerted an inhibitory effect in CSCs by arresting breast CSCs at the G0/G1 phase and inducing differentiation. Administration of these ATRA liposomes into NOD/SCID mice bearing breast CSC xenograft resulted in inhibition of formation and growth of the tumor xenografts, which was further efficacious when the liposomes has the combination of ATRA and vinorelbine.
Quercetin
Quercetin is an important flavanol that is found in numerous vegetables, fruits, and grains. It occurs in cappers, lovage and radish leaves. Wei and coworkers [184] have shown that quercetin treatment significantly reduced the number of breast CSCs, including ALDH+ population, cell migration, and mammosphere formation. Lee and coworkers [185] demonstrated vasculogenic mimicry activity of breast CSCs marked by CD44+/CD24-expression and ALDH activity, that is mediated by EGF/Hsp27 signaling. Treatment with quercetin however reduced Hsp27 expression and the vasculogenic mimicry capability. Finally, HSP90α was found to be expressed in ALDH+ breast CSCs, and treatment with geldanamycin, a specific HSP90 inhibitor, reduce ALDH+ breast CSCs [186] . Co-treatment of geldanamycin with quercetin further potentiated the anti-proliferative and anti-migration effect of geldanamycin as well as its inhibitory effects on ALDH+ cells and mammosphere formation.
Parthenolide
Parthenolide is a sesquiterpene lactone belonging to germacranolide class and occurs in flowers and fruits of the plant Tanacetum parthenium (Feverfew). The compound is reported to possess anti-inflammatory activity mediated by inhibition of NF-κB and correlated with anticancer activity. Zhou and coworkers [187] have shown that parthenolide inhibits MCF-7 mammosphere formation, as well as the proliferation and colony formation of MCF-7 side population cells. These effects were mediated via inhibition of the NF-κB activity in MCF-7 cells grown both as 2-dimensional cultures and as mammospheres. Liu et al. [188] developed liposomes containing parthenolide and vinorelbine and evaluated its ability to eliminate breast CSCs. Both compounds reduced the proliferation alone in MCF-7 and MDA-MB-231 and inhibited side population in combination. The combination treatment also inhibited MCF-7 xenograft tumor growth.
Otherphytochemicals
Triptolide, an HSP90 inhibitor is a diterpenoid epoxide compound that exists mainly in Thunder God Vine (Tripterygium wilfordii). Triptolide exerted potent cytotoxic activity and induced apoptosis in both breast cancer cells as well as breast CSCs. Triptolide also inhibited tumor growth in nude BALB/c mice injected with breast CSCs [189] . Ganglioside GD2 has been recently discovered as a novel breast CSC marker, and the enzyme GD3 synthase (GD3S) is critically involved in the synthesis of GD2. Triptolide has been demonstrated to inhibit GD3S function. Furthermore, inhibition of GD3S affects TGF-β1, Snail and Twist-induced EMT initiation and maintenance, and the mesenchymal properties of claudin-low SUM159 and MDA-MB-231 breast cancer cell lines [190] .
Shogaol is a pungent constituent of ginger. Ray and group [191] have shown that 6-Shogaol treatment induces death in breast cancer cells as well as mammospheres. The treatment also decreased the percentage of CD44 + CD24-/low cells including a reduction in secondary spheroid formation. 6-shogaol treatment induced vacuole formation and LC3 cleavage in breast cancer cells suggesting the involvement of autophagy. The compound also decreased expression of cleaved Notch-1, Hes-1 and cyclin D1 in spheroids. Wu and coworkers [192] have evaluated the cytotoxic effects of 6-gingerol, 6-shogaol, 5-hydroxy-3,6,7,8,3′,4′-hexamethoxyflavone, nobiletin, and pterostilbene against MCF-7 breast cancer cells and breast CSCs. 6-Gingerol, 6-Shogaol, and pterostilbene selectively inhibited CD44+/CD24-CSCs in MCF-7 cells. 6-Shogaol and pterostilbene treatment also enhanced the sensitivity of breast CSCs to chemotherapy and increased the anticancer activity of paclitaxel. 6-shogaol and pterostilbene also reduced CD44 expression of breast CSCs and increased phosphorylation of β-catenin by inhibiting hedgehog/Akt/GSK-3β signaling and thereby reducing expression of c-Myc and cyclin D1 leading to reduced stemness. Mak and group [193] have shown that co-culture of breast cancer cells MDA-MB-231 and MCF-7 cells with M2-tumor-associated macrophages (TAMs) led to the enhanced percentage of CD44+/ CD24-CSC population and migratory/invasive abilities. However, pterostilbene treatment overcame M2 TAM-induced enrichment of CSCs and metastatic ability of breast cancer cells. Pterostilbene also reduced expression of NF-κB, Twist1, and vimentin, while enhancing that of E-cadherin. Moreover, pterostilbene-induced NF-κB downregulation correlated with enhanced levels of miR-448 [193] .
Isoliquiritigenin is a chalconoid that is present in licorice. The compound was reported to have demethylation activity targeting Wnt inhibitory factor 1 (WIF1) protein to prevent breast cancer. The compound not only reduced breast cancer initiation bit also progression, along with reducing CSC-like populations in vivo. Furthermore, the compound affected WIF1 gene, and downregulated κ-catenin signaling resulting in cells undergoing arrest at G0/G1 phase. Enhanced WIF gene expression was mediated via promoting demethylation of its promotor accompanied by DNMT1 methyl-transferase inhibition [194] . Isoliquiritigenin in combination with chemotherapeutic drugs inhibited proliferation and colony formation in breast cancer cells. As with the single compound, the combinations that had isoliquiritigenin also inhibited self-renewal and multi-differential capacities of CSCs and limited the side population and CSC ratios in breast cancer cells. In this case, isoliquiritigenin was found to inhibit κ-catenin/ABCG2 signaling and GRP78 was identified as the direct target [182] . Ahmadipour and coworkers [195] have evaluated the ability of koenimbin, isolated from Murraya koenigii (L) Spreng, to inhibit MCF7 breast cancer cells and breast CSCs through apoptosis in vitro. The compound caused cell cycle arrest in the sub-G0 phase and induced apoptosis in MCF-7 by Bcl-2 downregulation; Bax upregulation and cytochrome-c release resulted in caspase-9 and caspase-7 activation. Koenimbin treatment also reduced ALDH+ cells and the number and size of primary, secondary, and tertiary mammospheres in MCF-7 cells. The compound has also downregulated the Wnt/β-catenin self-renewal pathway. Cyclopamine is found in the plant Veratrum californicum, (corn lily) and was found to inhibit hedgehog pathway [196] . Cyclopamine was shown to target sonic hedgehog pathway by inhibiting Smo activation [196] . The compound also inhibits CSCs of pancreatic cancer, breast cancer, and multiple myeloma [197, 198] . Cyclopamine decreased mammosphere formation [80] . Cyclopamine derivative, isocyclopamine with better solubility and stability also reversed doxorubicin resistance in MCF-7/ADR cells by enhancing doxorubicin accumulation in cells and downregulating CSCs via modulation of ABCB1 and ABCG2 transporters [199] . Hu and coworkers [200] have developed hyaluronic acid-cystaminepolylactic-co-glycolic acid (HA-SS-PLGA) and used double emulsion method to achieve nano-delivery of cyclopamine and doxorubicin. This formulation reduced number and size of mammospheres as well as decreased tumors in the orthotopic mammary fat pad tumor growth model. Glabridin is an important isoflavane that was found in the root extract of Glycyrrhiza glabra (Licorice). Glabridin exhibited ER-α agonistic activity and exerted antiproliferative effects against breast cancer cell lines [201, 202] . The compound inhibited migration, invasion and angiogenesis in MDA-MB-231 cell lines by reducing the interaction of focal adhesion kinase and Src. Glabridin treatment also blocked activation of Akt and ERK1/2 resulting in reduced activation of RhoA [203] . Further studies showed that glabridin treatment inhibited CSCs through miR148a or transforming growth factor-β (TGF-β)-SMAD2 signaling pathway in MDA-MB-231 and Hs-578T breast cancer cell lines. Glabridin also reduced tumor growth, mesenchymal properties and CSCs-like characteristics in a mouse xenograft model via demethylation-activated miR-148a [204] . Seo and group [205] have studied a panel of natural products and their derivatives against CSCs-enriched mammospheres of MCF-7 cells. Cajanin stilbene acid derivatives were found active against active CSC-like MCF-7 mammospheres suggesting their use as CSCs eliminating agents for breast cancer treatment.
Conclusions
Cancer remains a major cause of morbidity and mortality worldwide. While we appear to know a lot of how cancer cells behave, there is much left to understand. More recently, there has been a lot of discussion related to heterogeneity with a tumor. While much of the discussion has been towards genetic changes within the tumor and that different cells may have different mutations, one has to wonder whether there are also epigenetic mechanisms that are seen in the cells within the tumor and if this is different depending on the immediate microenvironment of the tumor cells. One such cell that could be a real problem is the CSC, which is potentially the cause for treatment failure, drug resistance, metastasis and recurrence after surgery, chemotherapy as well as radiotherapy [206] . We [9] have learned that CSCs might have signaling pathways that are potentially unique to them such as Wnt/β-catenin, and Notch etc. However, the question remains how unique are these to CSCs and at what point do these pathways start turning off in the progenitors. Even if the same pathway is active in the stem and progenitor cells, are they exactly the same or are there sufficient changes in the pathway to be different between CSCs and progenitors? As we begin to understand more and more about CSCs, such points should be clarified. However, what we need first is truly an understanding of CSCs in a tumor. How many of them are there, and is the number a correlation to the aggressiveness? Are the different CSCs within the same tumor, and does this contribute to the tumor heterogeneity? Nevertheless, at this point we should also find methods to completely kill all the cells in the tumor, which should include the CSCs.
Naturally occurring phytochemicals have gained tremendous attention because of their ability to inhibit multiple signaling pathways and target CSCs [9] . In present review, we have indicated important phytochemicals such as curcumin, resveratrol, sulforaphane, and green tea polyphenols etc. that can be useful for targeting breast cancer cells as well as breast CSCs. These phytochemicals reduced cell proliferation, induces cell cycle arrest and cell death (by inducing apoptosis or autophagy), tumor growth of breast cancer cells suggesting their potential for treating breast cancer. These phytochemicals also inhibited mammosphere formation (size and number) suggesting their ability to target breast CSCs by modulating various stem cell maintenance pathways such as notch, hedgehog and Wnt-β-catenin pathway etc. Phytochemicals have also shown to decrease the level of breast CSCs markers including ALDH and CD44. Numerous synthetic derivatives of these phytochemicals (such as resveratrol analog MR3, EGCG analogs, and curcumin analogs etc.) have also been developed, which appear to improve anticancer activity. Nevertheless, there is no question that the repertoire of anti-cancer natural compounds is high and we have but found only a handful at these. Again, as we identify the compounds, we might be able to understand how they work. What is interesting is that although we have gone to a purifying active principle mode for drug discovery, nature appears to be the best combinatorial chemist and has developed excellent defensive mechanisms. There is definitely no question that the whole is better than any one individual part, and we should probably think about going back to developing extracts as therapeutic and preventive modalities.
Several reports suggested that phytochemicals such as cur-cumin and resveratrol can potentiate the anticancer activity of chemotherapeutic agents like 5-fluorouracil [207, 208] . Hence, phytochemicals are emerging as novel CSCs eliminating agents as well as lead compounds for anticancer drug discovery. Several phytochemical analogs and drug delivery systems with improved anticancer activity and enhanced stability are developed and currently being tested in the laboratory and clinical settings. Therefore, it is proposed that some of these phytochemicals or their analogs may serve as CSCs eliminating agents for the treatment of cancer in the future. The cited studies in this review article have been conducted in vitro and in animal models in vivo, and for this reason, the actual suitability of phytochemicals to counteract breast cancer cell growth should be evaluated in human patients through large-scale clinical studies. A pictorial representation of phytochemicals targeting major CSCs signaling pathways. 
